ABSTRACT SEE WHY mad WITNESS are companion products for visual interactive simulation. SEE WHY is a general purpose discrete event simulation system that offers special integrated features for grapNcal display and run time interaction. It also provides user programmable extensions to both the display and interaction capabilities.
OVERVIEW OF SEE WHY AND WITNESS
SEE WHY was a pioneering development in simulation software when it was commercially introduced in 1980.
It was designed from the beginning to help overcome the problem of communication between modelers and decision makers. It was therefore designed to be a visual and interactive simulation system. Experience has shown that the original design objectives have been satisfied. Visual interactive SEE WHY models invite pmticipation from decision makers in all phases of a simulation study. As a result, the recommendations of the study are used more colffidently mad more correctly in the decisions taken concerning the system under study. simulation community as a whole, that manufacturing systems provide one of the richest areas for simulation application. It is also recognized that many manufacturing models contain sinfilar types of model constructs and model logic. Hence, there is duplication of effort among simulation specialists who work in the area of manufacturing. It is almost certain that there are more manufacturing problems worthy of simulation study than there are specialists to model them. All of these factors led to the development of WITNESS.
WITNESS is a menu driven simulation program created for the study of manufacturing operations. WITNESS has been built with SEE WHY, and therefore carries forward the powerful features for real-time animated color graphics mad run-time interactions found in SEE WHY. The modeling elements of WITNESS are lfigher level constructs such as Parts, Machines, Buffers, Conveyors, Labor, Tracks, and Vehicles. Wlfile the terminology is manufacturing based, the simulation community will recognize that these sane elements can be used to model in a non-manufacturing setting.
In order to expand WITNESS's ability to deal with the intricacies of a particular problem, a SEE WHY submodel can be merged into the overall simulation model.
Tiffs capability yields an unprecedented combination of ease of use and modeling flexibility.
In the tutorial that follows, we will look first at the general purpose facilities for visual interactive simulation found in SEE WHY. We will then cover in more detail the modeling capabilities of WITNESS and the characteristics of the user interface. Finally, we will discuss the facilities for extending WITNESS with SEE WHY.
As a general purpose simulation system, SEE WHY has been used in the improvement of malay kinds of systems: manufacturing, retail, distribution, packaging, air and ground traffic, etc. Its flexibility makes it possible to model the control logic of virtually any type of discrete or continuous system. SEE WHY maintains all of the simulation data that represents the state of the simulation (plus some information concerning the display) within its own flexible internal data storage. This flexible storage scheme allows any combination of modeling elements wittfin the available space. As an example, a~, entity can have any number of attributes.
Specifically, SEE WHY provides the following elements for modeling statistics collection, and user defined probability distributions:
ENTITIES SETS VESSELS TIMESERIES HISTOGRAMS DISTRIBUTIONS
A key characteristic of these modeling elements is that they are given implicit display-related parameters by the modeler when they are initially defined within the model (with the exception of distributions which are not displayed). In other words, the modeler gives the element display characteristics such as screen location, color, height, and spacing when it is defined. From that point on, the modeler concerns himself only with the modeling logic. The changes in system state, for example an entity moving from one set to another, is automatically reflected on the screen by the system. Tiffs includes the updating of timeseries and histogram displays as each new simulation value is observed.
Another important characteristic of these elements is that the system provides standard interactions that allow the user to inspect and change almost may parameter of the defined modeling elements by stopping the simulation at any time during the run. Examples of this capability are:
• inspecting or changing any attribute of any entity
• finding and moving entities among sets
• changing screen location of may element
• changing input rates, capacity, display size of any vessel
• erasing, displaying, rescaling any timeseries or histogram
• respecifying user defined distributions
When the user has interrupted the model, he may also, tlu'ough standard system interactions, change the run mode mad perform a variety of utility tasks concerning the simulation run. For example, the user c a n :
• run the model in batch mode or step mode The flexibility for modeling, display and interaction found in SEE WHY has made possible the construction of extremely user-friendly simulation models. SEE WHY models can truly be run, experimented with, and understood by decision makers. These same features have allowed the development of WITNESS, which fully exploits the features of SEE WHY to bring manufacturing modeling to the non-specialist.
MODELING IN WITNESS
WITNESS models are described in a mmmer very different from the general purpose orientation of SEE WHY.
WITNESS is also a visual interactive simulation program, which views the world as separate manufacturing components or elements, that • interact in specified ways. The basic elements of WITNESS version 5 are:
There are three main phases involved in building a WITNESS model: Define, Display and Detail. There is also the phase of executing (running) the model, which has several "options" allowing the user to control execution. Each of the phases will be described below.
All of the commands for constructing and rum-ring WITNESS models are provided by menus and prompts within the single environment of the WITNESS program. There is no code to be compiled and linked.
There are virtually no restrictions on the order ill which the phases are employed to create and run WITNESS models. At may time, the user is fi'ee to move between Define, Display, Detail and the execution phases of WITNESS modeling. Elements can be added, parameters or display characteristics changed, at any time, even while the model is rum-ring. The user need not leave WITNESS to change models or restore saved model states. No run termination time need be specified, the model may be halted, saved, restored, or restarted at will.
Unlike the old technology of creating a model and then rmming it, the recommended approach of WITNESS is to build up the model cumulatively. The Define, Display and Detail modes may be used for each component or group of components. The WITNESS user does not have to wait for the model to compile and link before running it runs immediately. WITNESS is truly interactive modeling. After the model's starting conditions have been activated (i.e. GO has been selected), the user will see these same options, along with others, appearing in a blue box in the top right hand corner of the screen. Tiffs is called the interact box and will be familiar to SEE WHY users as an area of the screen reserved for interaction. All interaction after the primary WITNESS menu is controlled thi'ough the interact box. 
WITNESS ELEMENTS

WITNESS PHYSICAL ELEMENTS
PARTS are the individual items Milch are processed by the rest of the system being modeled. They move into, out of, and between other elements. They may be combined together in an operation (as in an assembly machine) or split apart (as output from a production machine). Parts are referred to by name. Effectively, an unlimited number of each Part name may be introduced into the systenL Routings through the other modeling elements may be based on Part name. Attributes may be associated with Parts to provide further differentiation.
In addition to the Part's name and its associated attributes, a part may optionally be supplied with a Routing. The Routing specifies the other physical elements (e.g. Machines) thiough which the Part must be Routed as it is processed in the plant.
MACHINES represent the physical facilities that work on a Part in some way. Machine types available are Single, Batch, Assembly, Production or General, which are distinguished by the number of parts entering and leaving the maclfine during a single cycle.
Machines go through a series of states in an attempt to process Parts. The duration of these states reflects the times specified by the user in the Detail phase. Their duration also reflects times imposed because of dependencies on the state of other elements in the model. For a Machine, the user may specify times and requirements for Part processing, setup, and breakdowns. As the model runs, the Machine status will change appropriately among the states of idle, busy, blocked, setting up, down, and waiting for Labor. This is represented graphically by a change of color for the machine display. 
DISPLAY PHASE
Ten of the fifteen WITNESS elements can be displayed in a WITNESS model. Machines, Conveyors, Buffers, Labor, Variables, Parts, Tracks, Vehicles, Timeseries, and Histograms are positioned using a mouse or the keyboard cursor control keys.
WITNESS users can position the elements on any one of four windows. The windows are analogous to the picture facility of SEE WHY. Only one window can be viewed at any one time. This is a particularly useful feature in modeling a very large system. The modeler can display various areas of the plant separately on the four windows.
WITNESS allows the simulator to have complete control over the colors, size, position, and shape of the model display. WITNESS has a library of 20 shapes (or icons) with which you can represent the physical shape of a Machine. This library can be extended through SEE WHY. There is also the option for these icons to change color depending on the status of the Maclffne.
DETAIL PHASE
The Detail phase is the phase of WITNESS modeling that allows the modeler to identify times in the model, flow of Parts, Labor requirements, breakdowns, and setups. This information is specified in a Detail Form.
Each element, except for Attributes and Variables, has a specific Detail Form. The modeler simply fills in the blanks to establish the model's parameters. These details such as Conveyor length, Machine type, process times, and lot sizes, may be changed at any time while creating and rmming the model. Essentially, any numeric response may be detailed as a constant, Variable, Attribute, sample from a Distribution, algebraic expression, dimensioned Variable, or dimensioned Attribute. When Variables and Attributes are used for times, the manipulation of these values may be performed in the Actions feature. Actions are described below.
INPUT/OUTPUT RULES
The flow of Parts through the system is controlled through input and output rules.
Machines, Conveyors, and Buffers all have input and output rules. The modeler specifies the input mad output for the elements through the Detail Forms.
The basic function of the input and output rules is to push and pull Parts through the Machines, Buffers, and Conveyors in the system. An output rule of push will cause a Part to be pushed to a Machine, Buffer, or Conveyor. Should the element to which the Part is being pushed not be prepared to accept the Part, then the element pushing will assume a blocked state. Pull will cause a Machine or a Conveyor to only receive input when it need input, and not when the previous operation is ready to provide it. In a WITNESS model, either push or pull systems can be modeled or a combination of push mad pull can be modeled. There are eight input rules and nine output rules. This extensive variety gives the WITNESS user the ability to model complex routing. A description of each of the rules follows:
The eight input rules are called PULL, MOST, LEAST, %, SEQUENCE, SELECT, IF and WAIT.
PULL:
This rule allows a Machine or Conveyor to pull a Part from specified Conveyors or Buffers. Several alternatives can be specified.
MOST:
Tiffs rule is used when you wish to pull a Part from one of several elements. The Buffer or Conveyor from which the Part will be pulled has the most Parts in it, or has the most free capacity.
LEAST:
Tiffs is similar to the MOST rule except the element chosen has the lese Parts or the least free capacity.
%:
This rule allows you to pull Parts in a probabilistic manner, according to the percentage specified by the modeler, i.e.: 40% from element A, 30% from element B, 30% from element C.
SEQUENCE:
This rule is used when you wish to sequence the input from a series of elements, e.g. if the first time you need a Part it comes from element A, the second time it comes from element B, and the third time it comes from element C, then you would use a sequence rule. When the sequence cannot be maintained, there are three alternatives: WAIT, NEXT and RESET. These allow you to control the sequence in different ways.
SELECT:
This rule allows you to pull a Part from an element that is selected from a list of elements, based on the evaluation of an expression.
The selection mechanism works in a mmmer similar to a Fortran computed GOTO. The expression may involve Variables, Attributes, sampling functions, and status functions.
IF:
This rule allows for evaluation of a logical condition (such as "IF SHIPPED >50") followed by the input element when the condition is true (THEN) and the input element when the condition is false (ELSE). If the condition is false, WAIT may be specified or further IF conditions may be entered.
WAIT: Do nothing.
There are nine output rules. They are: PUSH, MOST, LEAST, %, SEQUENCE, PART, SELECT, IF and WAIT. The output rules differ in several ways from the input rules, the main difference being that rather than an element pulling a Part for input, the element will push the Part somewhere for output. A second difference is the addition of the rule called "PART". This output rule allows the modeler to specify different output paths for different Parts. 
ACTIONS
Much of WITNESS's power is derived from selectively using the input and output rules in conjunction with the Actions feature. Special actions can be programmed to take place at entry to or departure from some component of the system. For example, Actions on start of a maclfine cycle or Actions on Part creation can be specified.
The Actions are a series of steps. These steps are computations and assigmnents which can draw on Attributes, Variables, dimensioned Attributes, dimensioned Variables, and various system functions. Actions can also be used to read data from files for assignment to Attributes or Variables, as well as writing data to files. The Actions can be entered as a straightforward set of steps or utilize the IF action to provide logical branclfing in the procedure. Creation or modification of the Actions is carried out in the Detail mode using an editor.
FURTHER FEATURES OF THE DETAIL PHASE
3.4.1 SYSTEM FUNCTIONS WITNESS offers several system functions that enable complex modeling logic. NPARTS will return the number of Parts in the Machine, Buffer, or Conveyor specified. NFREE returns the free capacity of a specified Madfine, Buffer, or Conveyor. ISTATE will return an integer value associated with the particular status (idle, busy, blocked, setup, down) of a Maclfine, Buffer, or Conveyor.
These functions can be used wherever numeric expressions are required in the Detail Forms. Or, the values returned by these functions can be assigned to Variables and Attributes in Actions.
SYSTEM VARIABLES AND ATFRIBUTES
LINKS TO SEE WHY
WITNESS also provides system Variables mad system Attributes. The system Attributes will change Part descriptions and Part colors. TIME is a real Variable holding the current simulation clock time.
REPORTS
A simple "Yes" entered next to "REPORTING" on the Detail Form will engage statistics collection for Machines, Parts, Buffers, Conveyors, Labor, Vehicles, mad Tracks. The modeler can specify a particular warm-up period. During the time specified, the modeled system will be allowed to achieve steady state and then the statistics will be set back to zero. In addition, at any time, the statistics may be manually set to zero.
The reports provide important information including: average size of a Buffer, average time spent by a Part in a Buffer, percent of time a Conveyor was blocked, average work in proces over time, average time for a Part to move through the system, percent of time a Machine was blocked, percent of time a Maclfine spent waiting for an operator, average number of jobs waiting for an operator, number of jobs started, idle time spent by Labor, and Track and Vehicle utilization.
EXPLODE, SUMMARY AND USED
WITNESS provides interactions to help the user understand the structure and state of a model. The SUMMARY and USED interactions provide a quick means of looking at the information contained in the various Detail forms of the elements in the model. The EXPLODE interaction helps identify the locations and characteristics of the Parts and Vehicles currently in the system.
LIBRARY
A WITNESS model may be stored ou the hard disk as a file which may be printed out or wlfich may be re-used in another model. This file is known as a library file. It can be altered outside of WITNESS using a standard text editor. By editing library files, segments of models can be created, stored, and pieced together to create new models. These files can provide documentation for models, in hard copy form, for later reference. Little training is required for building simulation models with WITNESS. The system prompts the users for the model parameters tlu'ough menus and questions.
There is no compiling and linking required. The model is simply written in three phases and executed. Changes to the model may be made in any of the three phases, at any time.
Complex routing and logic is achieved with numerous input and output rules as well as special actions. In addition, SEE WHY may be linked into WITNESS in order to model operations of great complexity. This most important feature reflects ISTEL's commitment to combining flexibility and power, with ease of use, in manufacturing modeling.
